ABSTRACT
INTRODUCTION
In a solution, a molecule may exist in two or more structural forms and continuously transfer from one form to another. NMR is the most useful technique in the investigation of chemical structural interchange. The chemical shift of a nucleus or an equivalent nuclear group depends on the environment. The shape of the signal depends on the interaction of the nucleus with the adjacent nucleus, and the amplitude of the signal is proportional to the concentration. Therefore, any presentation of a compound in a solution, or any change in the concentration, as well as the structural change could be immediately and accurately recorded by NMR.
In this article, we used NMR for investigating the dynamics of the interchange process of tautomer between amide and imidic acid form of [(2-hydroxyphenyl)methylene]-2-(4-oxoquinazolin-3(4H)-yl) acetohydrazide and N'-[(1E)-(4-hydroxy-3-methoxyphenyl)methylene]-2-(4-oxoquinazolin-3(4H)-yl)aectohydrazide respectively in 4(3H)-quinazolinone system. The conclusion about the characteristics and dynamic properties of the above processes were based on the obtained results of the dynamic parameters of tautomerism.
OBJECT AND STUDY METHOD
The investigation object was two synthetic compounds with sign 2 and 4. Their structures and names were presented in figure 1 and figure 2. These compounds were synthesized by Dr. Nguyen Ngoc Vinh (Institute of Drug Quality Control -Ho Chi Minh City).
In condition of NMR measurement (in DMSO-d 6 solvent), the two above compounds always exist in structural interchange between amide and imidic acid forms in a solution, as in figure 1 and 2. The variation of this structural interchange depends on factors such as concentration, pH of medium for recording the spectra and temperature.
NMR spectra were recorded on Brucker Avance 500 MHz in the Structure Research DivisionInstitute of Chemistry-Vietnamese Academy of Science and Technology. 10'
Amide form Imidic acid form 10'
Amide form Imidic acid form The dynamics of structural interchange was investigated by two effects: Structural interchange under the impact of solution pH and temperature.
The dynamic parameters were calculated by a combination of two methods: line form method and coalescence temperature method. 
From the above values, parameters such as Activated Enthalpy (H*), Activated Entropy (S*) and Activated Energy (Ea) can be calculated by following equations [4, 5] :
Where: The line form programme had an important role in prediction and navigation of coalescence temperature, so preliminary research was remarkably shortened.
The above method was applied to intermediate interchange process starting from two peaks broadened and moved closer until they overlapped. The equations used to calculate dynamic parameters were applied to special cases, in which two tautomers had equal concentration. Therefore, the experimental measurements should be carried out in a condition controlling equilibrium of two isomers in solution with equal concentration [1] .
RESULTS AND DISCUSSION

The dynamic properties of compound 2
The NMR data of compound 2 were illustrated in Table 1 . In NMR spectrum, the simultaneous existence of amide and imidic acid form in the solution was clearly observed. The variety of the above components depends on the pH of NMR recording medium, so the pH of compound 2 solution was differently adjusted (by addition of the suitable amount of NaOD to the above solution). The results showed that while pH varied (increased or decreased), the amplitude of imidic acid peak always increased. The result is consistent with the theory of isomer interchange in the presence of acid or base catalyst. The detailed results were illustrated in Table 2 . The dynamic research of equilibrium varied by temperature was carried out for the sample solution having pH 8 with nearly equal content of amide and imidic acid form (about 51% and 49%).
The line form programme has an important role in the field of dynamic research by NMR method. From input parameter is the amplitude of two peak corresponding to two forms of the same proton (symbolized by content of two form) and the difference of chemical shift of two peaks (), the direct results of programme is peak form corresponding to life time  of nucleus. Since then, the users can obtain the indirect results, which are velocity constant, coalescence temperature as well as dynamic parameters by simplified calculation through equations (1)  (5).
We set up line form spectrum for compound 2 at 3 positions including single peak of proton 2, proton 1' and proton 5'. The obtained results are shape of peaks corresponding to life time  of nucleus. From life time , the corresponding temperature can be calculated. Therefore, in other words the line form programme gives results, which are shape of spectrum signal corresponding to the spectrum recording temperature. The calculated results of compound 2 were illustrated in Table 3 . H NMR spectrum of compound 2 were recorded at 5 points of temperature (within safety temperature of NMR instrument): 300 K, 337 K, 340 K, 353 K and 363 K. For more convenient visual comparison, the theoretical spectra corresponding to life time  of nucleus and experimental spectra corresponding to spectrum recording temperatures were depicted in Figure 3 , 4 and 5. The perfect homogeneity between the two shapes of theoretical and experimental signal can be observed. This proved that the line form programme was set up accurately and had a great significance in the dynamic research by NMR method. For high energy process, if the unification stage takes place in high temperature, the spectrum recording will meet much difficulty, and sometimes it can not be carried out. In this case, the simple and effective measure is to use the line form programme. Take proton 1' of compound 2 for instance, the temperature increase for spectrum recording approached 363 K ( figure 5 ), but the unification still did not happened. 392 K is the unification temperature based on the calculation from the line form programme. From the point of unification temperature, the dynamic parameters were easily calculated and the exact conclusions about dynamic properties of tautomerism as well as tautomer properties were given.
Fig, 5: The theoretical signal (corresponding to) and the experimental signal (corresponding to T) of proton 1'.
The dynamic properties were calculated at suitable unification temperature time by equation (1)  (5) with values listed in Table 4 . 
The dynamic characteristics of compound 4
The NMR data of compound 4 were given in Table 5 . The content determination was based on signal of CH 2 group at position 1'. The value at pH 7.0 is corresponding to the spectrum recorded in DMSO-d 6 without interchange agent. The value at pH  7.0 is corresponding to the spectrum recorded in DMSO-d 6 with the addition of interchange agent as CH 3 COOD solution. pH  7.0 is corresponding to spectrum recorded in DMSO-d 6 with addition of interchange agent as NaOD solution.
We can see that both agents had impact on the equilibrium of transfer to imidic acid, and the content increase of imidic acid form was proportionate to the added amount of the interchange agent.
The dynamic research of equilibrium change vs. temperature was carried out for the sample solution at pH 8.5 with relatively equal content of amide and imidic acid form (about 51% and 49%, respectively).
The line form spectrum of compound 4 gave the singlet peak of proton at position 2, 1', 5', 7' and OCH 3 , as well as the calculation results of the suitable coalescence temperature at the same time. The results were illustrated in Table 7 . The spectrum recording was carried out at 3 points of coalescence, which according to the above theoretical calculation were at 317 K, 345 K and 367K. In addition, supplemental spectrum at 320 K, 355 K and 360 K were recorded for clear observation of the interchange process stages.
The experimental results were consistent with theoretical calculation. The coalescence of two signals of proton at position 2 and 7' exactly took place at two points of the above calculated temperature (317 K and 367 K).
The signal of OCH 3 proton had chemical shift at δ = 3.761 ppm (amide form) and 3.730 ppm (imidic acid form), these two signals were near the signal of water trace in spectrum recording solution (δ = 4.234 ppm at 300 K). In recording process with variation of temperature, the peak of water did not appear at a fixed position, but transferred to the high field while temperature increased (Table 8 ). The undesired thing was at 345 K (the theoretically calculated coalescence temperature of OCH 3 at position 7"), the signal of water trace was completely overshadowed by the signal of OCH 3 . Therefore, whether coalescence truly happened or not at this temperature was not determined. Likewise compound 2, the dynamic parameters of compound 4 were calculated following equation 2  5. The results were illustrated in Table 9 . Observing the results obtained from Table 2 and 9, we saw that the calculated values of velocity constant of both compound 2 and 4 were located in 10 -10 5 s -1 range, and the activated energy of compound 2 and 4 were 15.81 kcal/mol (66.09kJ/mol) and 18.98 kcal/mol (66.8 kJ/mol) respectively. This allowed us to confirm that the structural interchange was consistent with research method by 1 H NMR (1≤ k ≤ 105s-1; 10 ≤ Ea ≤ 100 kJ/mol). This was an indirect result for us to confirm that the occurring process followed the primary equilibrium mechanism [3] .
The dynamic parameters of compound 2 and 4 were not significantly different (Ea = 0.17 kcal/mol). These results were reasonable because the two compounds were structurally similar. The difference was only OCH 3 group. Therefore, from these results we can see that CH 3 group in particular and other substitution groups on aromatic ring in general, may not greatly impact the dynamics of structural interchange. Therefore, based on the research results of the two mentioned compounds, we can predict the results for other compounds having similar structures with high precision.
From the above figures we found that at 300 K, the amplitude of signal of two forms was equal, i.e. the content of two components amide and imidic acid of both compounds 2 and 4 is almost equal (about 49% and 51%). However, the above content equality decreased when temperature increased; there was a proportion between temperature and content of imidic acid component. This allowed us to confirm that tautomer equilibrium between the two components depended on temperature. The imidic acid formation process was endothermic. However, in this work we did not go deep into this subject.
The error of research results:
To validate the error of the obtained dynamic parameter is very important. In the research progress, the factors that may cause the error of the results were:
The error in determining coalescence temperature.
We can meet the error of ± 2 o C in determining coalescence temperature. This can cause error of about 10 -15% for velocity constant.
The error in the application of calculation expression.
The expression of velocity constant at coalescence as following:
Where:  is difference of chemical shift between two peaks at non-interchange stage. This value was determined from experimental spectrum at 300 K. Some signals at this temperature belonged to non-interchange stage, but other signals at this temperature were transferred to a slow stage. However, in reference document [2] , according to the author Eberhard Briemaier the value of above  will be calculated at a slow interchange stage. This contradiction originated from the fact that the value of above  was not almost varied in the non-interchange stage as well as in the slow interchange stage, and the loss of precision really happened from intermediate interchange stage when the signals overlapped so that the determination of chemical shift of each peak was very difficult. Therefore, the error  was removed.
As mentioned above, the important thing was that the energy parameters were proportional to lnk, so the error of k had a small impact on the energy error. The calculation showed that the error 10%, 25% and 100 % of k only caused the corresponding error of 0.06, 0.1 and 0.4 kcal/mol of G* respectively.
In addition, the expressions of coalescence temperature method were based on simplification of Block equation applied for chemical interchanges with equal content. In the research process, the condition of equal content of the two forms was broken as equilibrium interchanged while temperature changed. This thing caused the errors, which were difficult in validation of the research results.
The systematic error of instruments used in research process
CONCLUSION
The nuclear magnetic resonance method was an effective method in the investigation of interchange process dynamics. According to coalescence temperature method, the velocity constants corresponding to each time point of coalescence can be calculated. While coalescence of some signals in a molecule occurred, the activated parameters were calculated on equation Eyring or Arrhenius. The calculated results had high precision.
The determination of coalescence temperature was carried out by line form programme. This helps to reduce the number of spectra recorded in the temperature variation, especially in case the temperature exceeded the allowance limit of the instrument.
